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This  ~ r o g r a m  was written 
chemical equilibrium sect  

i n i t i a f  i n t e r e s t  in the  concept of a i r  a u ~ ~ ~ ~ t a ~ ~ ~ ~  a t  Boe':ng dates back 
t o  1955; however, no c ter  programs a r e  k n w n  t o  e x i s t  Front t h e  i nves -  
tigation during t h i s  pe , Early i n  1963, &ASA ~~~~~~d to  
Coqarty a contract for  fur ther  s t u d y  of t h e  a ~ ~ ~ ~ c ~ q ~ ~  t o  be 
using atmospheric oxygen Co gain ~ ~ d ~ ~ i ~ ~ ~ ~  t h r u s t :  by ~~~~~j~~ a i r  with 
the  fuel-rich rocket exhaust i n  a past-chamber rt-ix;ng section. 

- 
The work on th is  contract generated two ~ ~ ~ ~ t e r  p ~ ~ ~ f a ~ ~ ~  ! h i s  particuiar 
program i s  designated " A i r  A ~ ~ ~ n t ~ d  Rocker Program ( I -  )"; 
program i s  designated " A i r  Augmented Rocket P Des 9" ~ r o g r ~ ~ ~ '  
(AS 1927) and i s  described i n  re fe rence t .  

t h e  otner 

The s p e c i f i c  objectives of the ~ n ~ ~ d i ~ n s ~ ~ n ~ ~  p r o g r w  are d e t a i l e d  
be 1 ow: 

1,  Provide a f a s t p  reliable program capable of Zsu'iati rig a p t r a t i o n a l  
areas  whish warrant m r e  d e f i n i t i v e  ana' lysi5,  

2. Ppovide a toof f a r  sensitivity s t u d i e s ;  w n i c h  i r  ~ ~ ~ ~ ~ ~ ~ ~ t ~ ; ~ ~ ~ ~  that  
i s ,  a s i n g l e  program f rom rocket and stream input t o  tqrust, comptsta- 
Zions, 

5.  Provide. a wide choice of f u e l s  and exhaust species, 

Arrumps i 0015 



t i o n  of complete m i x i n g  of the primary ( rocke t  exhaust )  and 
secondary ~ a ~ ~ ~ e n ~ j ~ ~ ~  s t reams consti t:.~tes t he  .wajor departure of t h e  
m a t h e m a t i c a l  model frm t h e  actuat  phvsica: ~ y ~ t e m ,   dit^ t h e  r e s r ; l t i n q  
abnormal increase rn e n e r g y  l eve l ,  c e r t a i n  i i tput ~ ~ ~ ~ j ~ a ~ ~ ~ ~ ~  w h i c n  are 
physically realistic f a i l  t o  r e a c h  a s a 1 ~ r t ; o n  i n  t h e  procjFam, These 
cases run successfully a f t e r  the ~ ~ ~ ~ ~ d a r y  f l u &  r a t e  i s  r ~ d u c e d  or- &en 
6he area of the mixtng s e c t i a r  i s  increased c i n c e  bath of these  conpro- 
nises w i t h  reality correct t h e  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ' '  condition i n  t h e  nathemaeical 
:rode : * 

The chemical. e q u i l i b r i u m  s e c t i o n  r e q u i r e s  reasanabty a c c u r a t e  i n i t i a l  
es t imates  af the chemical species rese t l t inq  f rom t h e  nix;ng, f h i 5  I S  

m r e  an j ~ ~ o n ~ e ~ ~ ~ ~ ~ ~  than a limitation. 

The program would be more accurate i f  a pre!irninary sectear, actvaily 
calculated t h e  r-ockef output va lues  from the basic input valuec,  of F u e l  
cwpor  i t i rersure,  ~ ~ ~ h ~ ~ ~ ~ ,  area ratio and mass f l o w  aatr.  Concid- 
eration 5 be given t a  incorporatinq t h i s  change 'n subsequent ver -  
$ i o n s  of t h e  pragram, 
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Recormendat ions (Cant inued) 

2. A rest ta prevent rlarining "expansicn only" cases For additional 
exhaust conditions whenewer the  augmentation ~ 0 1 u t i o n  itself f a i  f s ,  
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2. I 

Hzth  Program 
symbo 1 Symbol. 

A A 

a ABLE 

- a subscript 

b 

CR 

FA 

FN 

G 

5 OT A I. 

*STAT # G 

f S  

I SR 

& 

n 

w 

P 

w 
1 

Y 

v 

BAKER 

RDELTA 

FAAR 

FN 

G i 

2STAG 

~~E~ 
MEQU f L 

S IAUG 

s IR 

F 

M 

A 

P 

R t N  

RZERO 

T 

td 

Bescript ion 

sonic velacity 

convergence criterion on R I 

augmentation f a c t o r  

net thrurt  

gravi  t a t  i ora  1 constant  
( 3 2 . 2 )  

stagnation ~~~~~~~~ 

s t a t i c  enthalpy 

e n t c d  specific i m p u l s e  

racket specific impu".;e 

mass f fm r a t e  
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2 0  1 

2 02 

Bath Program 
symbo I Symbo 1 

Y YAR 

7 G A “ k  

P RHO 

f I 

P Q 

R E F  REF 

5 S 

SF si3 

X X 

1 2 

R; 8 

-- Superzc r i pt  

n 0 (zero)  

He t hod 

Descr i p t  ion 

reference pressu re  control 

s p e c i f i c  heat  r a t i o  C /C 
P ‘I’ 

densi t-y 

exhaust 

i t e r a t  i an 

U J  

I bm/f t 3  

rocket (primary f low)  
NOTE: Z i s  used as s u b s c r i p t  f o r  or-essur-e a ~ d  mass 
f l o w  r a t e  since PP and FP a r e  veriablp pa-wc, u.;ea 
in previously written subroutine GERP4) 

re f  r r e n t  e 

s t r e a m  (secondary f lm) 

secondary f ue 1 

reference sfation 

station 2 

i n f i n i t y  

stagna? ion ( T o t a l )  

The equations employed i n  constructing t h e  n3thematic .a!  Wdc.1. may Sr 
derived f r om tne  b a s i c  equations of continuity, w v r t t w  and eneray ;  
And f r o m  s e l ~ c r e d  equations Found i n  re fe rence  2. ‘he 6oltoetn. j  d e r  .. 
vations tna’rate by a dashed s u f f i x ,  where a p o l i c - a b l c ,  t h e  equatioq 
number azsigned to t h i s  re la t iunsh ip  i.i re ference  2 ,  

Equar io?, of Cant i nu i t y  



~ ~ 

.--".._I- 
-- "- 

2.2 Method ( C a n t  i nued)  

Energy Equation 
0 

V L  4 " -  
'TOTAL H S f A T I C  2 

T -- 
TO 

Pressure R a t i o  

sonic Definitions 

v N -  
a ~l ibsc r  i p t  

P - 6 s R 1 T  f 7 1  
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2,2 Met hod (Cont i w e d )  

Equation (5) may be solved for Mach number: 

f l :  S 

4 - 
r-i 

1 2 5  I 
2 ps 

I f 2  

(9 
and - ps A relationship far  calculating either AS or 6 

TS 

i n  terms of H,, z 0 may be developed as follows: 

S 
ri, 

= PS vs 
(From q u a t  ion one) 

Substituting i n  t h e  denminatar  

0 0 

S 
and using equat ions (4) and (5) to convert P and i t o  Pg and T s S 
yields 

r 1 

Equation (9a) may also be used to  f i n d  a solution f o r  Ms i n  t e r m s  of 

A S ,  Gs,  ps 
q u a t  ion 

0 0 
and Ts . Subroufine EflESS soivec., by iteration, t h e  

-- - -- -_I- 



2.2 Bethod (Cant inued) 

Using equation (41, V s  m y  be calculated by: 

(From equar iar! 4 )  

T s o  - TS 

TS 
} 1- - 2 (  HS - 7-1 

2 

Substituting this relat ionship i n  the equation 

(6b) 
2 2 2  V = H  a 

y i e l d s :  

All s t r e a m  conditions a r e  now defined. 

I n  o r d e r  to permit  defining a var;able area ducP : I :  the m i x i n g  s e c t i o n  
(F igure  1 )  three canrrols a r e  required. The v a l u e  o f  Y determines 
whether  P or P shal l  be used as the referencp p r e c s u r e  as follows: P s 

PREF 
P Y + Ps (1.0 - Y) P 

Ttrus when Y 0, Ps i s  the reference pressure;  and when Y = 1 ,  

e i t h e r  "a" or " & * I  are required i n p u t s .  

W i t h  a m;xing d u c t  having variable area the  m e n t u m  equatron ( 2 )  must  
be written: 

Assuming P dA t o  v a r y  l i n e a r l y  between stations I ar:d 2 fscc f i g u r z  I ?  
page 8) then 

-" 7--.- 
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2.2 Met hod (Cant i nued) 

The momenturn equation therefore,  becmes 

and the cont i nu i t y  equation b e c m s  

The continuity and manenturn e q u a t i o n s  may n w  be solved to d e f i n e  A 

When "a" i s  given: 

and P 
2 

A2 = a{AS + Ap) 

'REF (+ f fftP)V2 r i p s  ApVp 
S - ( A s  + AP)  -F $ 5  P P  c G "I. k2 + - -  P A  + P A  + -  

P .. A + A S + A  
2 2 

G 

P 
2 

( 15) 



202 Method (Cont i nued) 

A special case exists when b = I ;  V can be c a l c u l a t e d  directly as: 2 

i i i v  P P  
G 

& W  
[Ap( '  - Y) - Y P j  cp, - P J +  7- s s  4. -' 

v -  
2 &s f ip 

& 

Although minor differences e x i s t  when "b" i s  given, t~ae general computa- 
tional method i s  as follows (see Flow Chart No, 1, Figure 2 ,  f o r  these 
differences) : 

R .  

B. 

C. 

D .  

E. 

F. 

. G. 

H. 

t .  

iisslrm a vaiue c i  u ( v G i i S S  i n p u t ) .  

Calculate P using equation ( 1 3 ) .  

Calculate P using equation (15) .  

Calculate R y  ( I n i t i a l l y  R 
card set No. 5 )  

2 

2 

2 

equals R d i v i d e d  by the  HW frm i n p u t  
i 0 

Calculate TI us ing  equat ion (7). 

Campute chemical e q u i l i b r i u m  a n d  calculate thermodynamic properties 
usin? Boeing E Q U l t  Subroutine. 

Iterate between steps D and G u n t i  1 jR - R f + :  I CR.  Proceed t o  

s t e p  H when t h e  convergence criterion i s  satisfied. 
t 

Compute s t a t i c  enthalpy of system by u s i n g  equat ion ( 3 ) .  
v 2  

'STAT 'TOTAL 2 
- _ I ^  

i s  q u a i  to  YEQUIL ( S t a t i c  STAT Iterate between s t e p s  B and H c r n t i i  H 
e n t h a l p y  computed by s u b r o u t i n e  FQUtlf . Surces: ive P S t  rcnates c i t  V 

are computed by the f a ! s e  position rrsuthod. Proceed t o  s t e p  I w n e n  
the convergence  c r i t e r i o n  i s  zaticfied. 

2 

A .and p 2  may be c a l c u l a t e d  frornfhe S f q t e  a d  coptinuicy equations; 

thus a l l  c m d i t i o n s  a $  s t a t i o n  2 ( F i q c l r e  1 )  a r e  known. 
2 
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2 .2  

2 . 3  

He t hod ( C a n t  i w e d )  

T o t a l  net  t h r u s t  i s  calculated a t  stat;ovs No. 2 and No. X as follows: 

Augmented s p e c i f i c  impulse i s  defired as 

ISx '" 3 
* 
"P 

Auynentation factor i s  def ined as 

I S X  
-__I 

ISR FAX - 

The program was r e c e n t l y  modified to p e r m i t  a d d i t i o n  of fuel to the 
serandary stream. 

The mmentum equa t ion  ( f2b)  becomes 

i + V  
P P + 'REF * '2 A 2  - (A* i" AP) 2 P A  + -  s s  G 

Similarly,the stagnation enthalpy of t h e  system i s  calculated t h e  
s u m t i o n  of t h e  specific; enthalpies of t h e  rocket exhaust,  augmenting 
stream and secondary f u e l  multiplied by their r c ~ ~ e c t i v e  weight f rac-  
t ions of the to ta l  m a s s  f l o w .  

(231  

The camguted results agree w i t h i n  approximately t e n  percent w i t h  s i m i l a r  
data  c a l c u l a t e d  by the more s o p h i s t i c a t e d  program described i r  reference 
1 and w i t h  check calculat ions  based on MoIlier diagrams ~f t h e  mixture .  





3 .o !NPUT PREPARATION AND OUTPUT 5ESCRlPffON 

3.1 lnput Data Preparation 

The input data  m y  be d i v i d e d  into four convenient subsect ions.  

Subsection 1 comprises card set No. 0 which indicates, f o r  case s t a i  
f a c i l i t y ,  which card set follows, 

Subsection 2 comprises card set No. I which describes the chemistry of 
the system, 

Subsection 3 comprises card sets No. 2 througb No. 5 which specify the 
aerothermodynamics of the  s y s t e m o  

Subsection 4 comprises card set No. 7 which identifies a particular 
case 

3 . 1 . 1  Card Set  No. 0 F O F M ~  ( 5 2 )  

This  s e t  consists  of one card spec i fy ing  NSET which i s  the card s e t  t o  
follow. T h i s  card i s  required for each case. A I 1  card sets equal to 
and greater than NSET must follow. See input data sheet No, 2 ,  page 2 1 .  

3.1.2 C a r d  Set No. 1 

T h i s  set consists of three sub-sets which initialize t h e  chemical  
equilibrium package (modif ied AS 1317). See input data sheet Ha. 1 ,  
page 20. 

Set 1-A Format (9A6) 

T h i s  s u b s e t  identifies the computer run, It i s  u s e d  to specify 
such things as: m i s s i l e ,  propellant, o x i d i z e r ,  C / F  r a t i a ,  ~ u ~ t o m e r ,  
date, etc, F i v e  title cards are requ i red ,  The s i x t h  c a r d  identifies 
t h e  thermodynamic data  master tape and must be e x a c t l y  as shnwn on 
input data  sheet No, 1,  T h i s  t i t l e  w i l l  appear only when card  se t  
Nc. 1 i s  read; individual cases are identifled by c a r d  s e t  Rca. 7. 

Set 1-8 
--I_ 

Format f2A6 ,  F 16.0) 

T h i s  sub-set defines the e lementa l  chemical composition of the rear-  
t m t ,  The first card of t h i s  set, COMPOSITION, i d e n t i f i e s  t h e  F e t .  
The second card, FUEL, g i v e s  the mass of f u e l  (gms) present. The 
f o l l o w i n g  cards g i v e  the elements compr;s;ing the f u e l :  Col. 1-2 
chemical symbol, C o l .  13-28 quantity present (ATOMS or ATOMIC R A T I O ) ,  

The next card  O X I D I Z E R ,  g i v e s  the mass of a i r  (qms) in the  secondary 
stream. The t w o  ~ ~ 1 ~ 0 ~ ~ ~ ~  cards give t h e  a m u r t t s  of oxyqen and n i t r o -  
gen preqent i n  the a i r ,  

T+e next card  ~~~~~~~ gives  the mass of f u e l  (qrns), i f  anvt  b c i n a  
added to the secmdary stream. 
i c a f  carnaositior: of :he f u e l .  

The follawing cards g i v e  t k e  c h e w  

113 &?Sa 2OGO REV. 3 6 4  
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3,1,2 Card Set No. 1. (Continued) 

The va lues s p e c i f i e d  on the  FUEL, O X I D i Z E R  and BINDER ca rds  must 
t o t a l  100.0 grams. For a c t u a l  runs t h e  r e a c t a n t  rat ios  w i l l  be ad- 
j u s t e d  i n t e r n a l l y  according to t h e  mass f l o w  rates g i v e n  i n  CAR3 
S E T S  3 and 5. 

The f i n a l  card, LAST, terminates t h i s  subsection. 

The t o t a l  number of data cards  in t h i s  sub-set i s  v a r i a b l e ,  and i s  
dependent upon the number of elements c o n s t i t u t i n g  t h e  f u e l ,  ox- 
i d i z e r  and binder. 

Set 1-c Format (2A6, E 1 6 , O )  

T h i s  set gives the i n i t i a l  estimates of mixcure spec ies .  
and seconds cards,  ESTIMATES and CHAMBER, i d e n t i f y  the  card  set .  

The t h i r d  c a r d  ALPHA est imates a which i s  d e f i e d  as: 

The f i i - s i  

P 

where Ni i s  t h e  number o f  moles of The i th  gaseous 
spec i e5 

' 2  ' 

2 Ni 
a =  

gas 

The f o l l o w i n g  cards g i ve  the specie estimates: 

Col. I-10 

coi. 1 1  

cox. 12 

Cole 13-28 

chemical symbol 

blank - garaeous 

t - l i q u i d  

S - so l id  

1 - element 

2 - gaseous 

3 9 condensed 

Q u a n t i t y  p resents  (Hot, or MOL 
format i s  used the  number m u s t  t 

tO ) .  I f  an exponent ia  
: emina te  in col .  2 8 .  

(e.9. starting i n  col, 23: .aoE-6 For ease in 
read ing  d a t a  cards i t  i s  suggested t h a t  a standard 
farmat, as shown on t h e  sarflple input  forms, be rrsed. 

The card LAST te rm ina tes  this sub-set acd the card EXECUTE causes 
t h e  progran t o  i n i t i a l i z e  the t ~ e r ~ a ~ ~ ~ m i ~ a ~  subroutincr. 

The total number of data cards i n  t h i s  s u b - s e t  i s  v a r i a b l e ,  depending 
upon the  number of s p e c i e  e 5 t i n s t e 5  given. The more complex reac tan ts  
and those having candensed products of combds~i  ong require a more 
acct irate  estimate ot t h e  species which r e s u l t  frun rnixl:)g The ~ ? r e a m r ; ,  
One data  card  i s  sequired for each species est :a iate.  
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. 

VGESS ( f  t/set:) - Estimated r ; c j l ~ : i ~ n  velo:;t;/ fV,) :&CR A M W E  # 0. 
L 

Starting veIocity for- profile wheq AMOOE - 0 .  

AMODE i s  as d e f i n e d  below. 

vi" IMfT  ( f  :/set) - Upper ! i m i t .  of velocity profile, 

GkMA 

AflOD E 

Y Reference pressure  co~trol 

Y 7 1.0 P p  i ,  r e f ,  press. 

Y - 0.0 P s  i s  r e f ,  press .  

Card Set No. 3 Forra t  f 8 F  10 .O) 

Tni$ card d e f i n e s  the  rocket exhaus: and fhc f u e l ,  i f  anv, be ins  added  
f o  t h e  secondary stream. 

C r s l m n s  1-50 conta in  primary s t r e a m  ~ ~ r a ~ ~ ~ ~ ~  P, H 
; F I  a 18 c ~ I u r n n  f i e l d .  
added  t o  the  secondary stream, 

e, 
A ,  k and V 

C o 1 u m * i  51-70 contain Yo a ~ d  $ of rhe fcae 
each 
b u i  " 2  

i a t e  I 

U 3  4388 2000 R E V .  3 64  
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Card Set No, 4 Format (8F l0.0) 

This  card defines the conditions at infinity and stagnation respectively. 
Columns 1-40 contain infinity conditions P, T,  A ,  V and H. Columns 41-80 
contain stagnati'on conditions P, T and Ho, 

NOTE: 1 )  Ammay be omitted i f  A i s  g i v e n  in card  set No. 5. s 
2) E i  ther  VQ3 or Ma, may be given. 

Card Set No, 5 Format (8F 10.0) 

This  card defines t h e  augmenting air stream and certain frequently 
..-r * .-....&.-...? L 
v a t  ; r b  buttct v A 3  

Columns 1-40 contain the stream parameters P, A, & y  and M. The secondar~f 
stream i s  sufficiently defined i f  any combination o f  two of these  except 
P and H i s  given, 

NOTE: & i s  defined with Am i s  g iven i n  Card Set No. 4;  therefore s 
A, wi th  P ,  A or M also def ines  the stream. 

Columns 41-60 contain the duct-def ining parameters a(A5k.E) and b(BAKER) 
respectively. "a" defines an area ratio as 

a =  . R + A p  c 

S 

"b" defines a pressure  rat  io as 
* 

(see card set  No. 2 for Y ) .  

Columns 61-70 contain the est imated malecu!ar weight of the m i x t u r e .  

Columns 71-80 conta in  r ' .V(VDELTA) which is the v e l o c i t y  i n t e r v a l  when 
running a profile or the initial increment when iterating fo r  a so?ution. 

Card Set No. 6 Format (&- ic.0) 

After obta in ing  a s d t - t i o n  a t  s t a t i o n  2 ( g ~ e  f i g t l r e  ! r  p a y  W) :he p-0- 
gram p r r f a r m s  an isentropic expansion of t h e  gas viwtiite zn crder to 
c a l c u l a t e  the  conditions a t  t h e  missile esit (starion X I .  The exit 
may be def ined i n  any of three ways: 

exi t area (A 1, or by an area rat io  ( A ~ J A ~ )  . 
The solution involves an iteration process when either t he  si-ea or area- 
r a t i o  a r e  specified. The starting pressure  far  t h e  iterative calfula- 
tionc i s  P and the i n i t i a l  pres su re  increment i s  .\P b o t h  of dh i rh  mu51 
be g i g e n  when the e x i t  i s  defined t e r m  of an area 07 area-ratio. 

by an e x i t  pressure (P ) , by an e 
e 

e 



Card Set No, 6 (Continued) 

Columns 1-40 contain Pe, A e j  Ae/A2, and AP respectively; each i n  a 

10 column f i e l d .  

Columns 41-50 c o n t a i n  ISR, the s p e c i f i c  impulse of t h e  rocket ens ine .  

Card Set No, 7 Format ( IDA61  

This  card contains the t i t l e  for this particular case. 

Sample Gases 

A total of seven sample ca5es are included. 
demansirate tire various pioyr-dm iipzirons ayiil:i&:e i o  thhe i i j e r  and 
are somnarized i n  the following paragraph. 

They were s e l e c t e d  to 

Case %de of 
No. NSET Operation 

1 1 Profile 

2 2 Subsonic 

3 2 Superson 

4 2 Superson 

*- 5 6 

Sol. 

c Sol. 

c Sol. 

6 2 Supersonic Sol. 

7 1 Supersonic Sol. 

Secunda r y  
Stream 
Definition 

-- 
A b I-$ 5 

S A h As 

Second- Mix ing  €xi t 
Expansion ary  Section 

Definition D e f i n i t i o n  Fuel 

Y-0.0 3-1.4 - .. 
y-0.0 a- Z .4 P-629.7 * 

Y-0,O a- Z .4 P-629.7 

Y - 1 . 0  b-0.8 A/A-l*t; - 
A/A1.75 - *I 

Y-0.0 b-1.0 A-4QOO.O - 
Y-0.0 b-1.0 A4000.0 YES 

The data input sheets for cases 1 and 2 a r e  given on pages 20, 11 and 22. 
A complete listing of the sample data  deck i s  given an page. 2 , ,  ?’, nsd 
2, c 

Output Data 

A l l  program output i s  l i s t e d  (pr inted)  v i a  the o f f - l i n e  printer. 

The heading consists of three parts, Part one contains those i t e m s  which 
w e  specified on DATA iRPUT SHEET No. I ,  (see paragyaph 3.1.2) Part two 
gives t h e  names, labels and u n i t s  of the output variables, Part  three 
p~ i n i s  aut the rocket, stream and envi i - O n m r r i a i  c . o s d ;  i ; O r i S  iif tile pri>t lem 
and progsan !ogic cent ra ls ,  

03 4288 2 M ) C  R E V .  3 64  
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* D A T A  
1 

1 

SAMPLE C A S E S  FOR AS-1961  DOCUMENT 

L O X - R P 1  FUEL O/F = 2.3 1-22-64 



C A S F  3 
? 

1 %  

1 8 9 9 . 4  
6 7 9  . 7 

1000.0 
CASE 4 

1000.0 
C 4 C E  5 

6 

SCJPER SOLO AS,WS G I V E N  L i z 1 6 4  EXPAND TC’ P 

l e 7 5  10C.P 331.9 
( % A W E  AS C A S E  4 -- E X P A N S I O N  ONLY -- TC> NEW P 4 T I i ! )  

4500e0 l a 2 5  1.0 
1899.4 e.1512 370.35 21375?+0 9734.1 
6 2 9 r 7  411.8 1 4 6 2  . ? 3 5 0 0 0  617.9  a T > i 2 8  

140000 45.000.0 , 1.0 Z 5 b O  

1(>0040 4000 ,0 100.0 331.9 
CASF 6 SUPER SOLI AStWS G I V E N  R = l r O  EXPAND TO A 

1 
LOX-RPI  
A I R  AUGMFNTED ROCKET 
O / F  2.33 

B I N A R Y  0 1-25-61 JANAF MASTER 
CONPOSITICN 
F U F L  50. 

2.175 
4 r 0 5 3  

0 4 .356  
OXlDIZtY 2 5 0  
N 1.58 
0 . 4 2  
R I N9FR 1 25. 
Y 2 r  
L A S T  
F S T  I M A T E S  
CHAMRFR 
ALPHA . 287 
H I 0 0 2  
C 1 1 OF-7  
0 1 0014 
N 1 .00002 
w2 2 e 5  
HZO 2 0 3  
OH 2 a 3  
03 7 .1 
cc) 2 076 
co2 2 .72 
N Z  2 1.36 
NO 
L P S T  
F X F C U T F  

7 . , ’ ! j  

, G O a O  1.25 1 .o 
1899.4 -k4? 3 7 5 1 7 5  7RL!C.?*L) Q73S*  1 -1.0 
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3.2.2 

3.2.3 

3.2.4 

I n t e r m d  i ate P r  i ntout 

As the solution proceeds the following variables are printed out a f t e r  
each successful convergence o n  R (See Flow Chart No. 1 ) :  

H .. iteration counter on ti convergence loop 

R - iteration counter o n  R c o n v e r g e n c e  l w p  

w ,  T* '  p p  R H O p  VZ'  R,' R I - l  

- static enthalpy calculat:sn by eqa-ratrw (3) ' 'VEL 

- s t a t i c  enthalpy calculation by s u b r o u t i n e  EQUiL 'EQU t L 

When a profile i s  being calculated the composition of t h e  m i x t u r e  
(MOLS) i s  also printed, A profile i s  c o m p l e t e d  when V L I M I T  i s  reached 
or whenever the temperature exceeds the allowable limits of subroutine 
EQU I L (360' * 10,800°R) (200' - 6000%) . 
The intermediate printuut i s  in metric u n i t s  as follows: 

0 T -  K 

P - a f m  

RHO - gms/cc 
v - cm/sec 
R - p c d p  ml0K 

ti .. Kcal/l00 gms 

( R t O L D  = R i - l ,  RlNW = R 1 )  

Solution 

The solution conditions are given for stations 2 and X (see f i g u r e  1). 
They i n c l u d i  T, P ,  t i ,  \I, RHO, A, Mach No., Evtropy (Kcal/'K), IS and 
FA. 

Sample Cases 

The computer printout for the sample cases (1-7) i s  contained on 
page527 - 39. 
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4.0 OPERAT i #,G iNFORMAf iOhi 

4,1 Program and Data SeP-Up 

4.1. I ProQram 

The Droduction prragran: cmpr i se s  7 binary becks, 

Naw 
1__ 

Rain Program 

c ERPP4 

EHESS (Hs 6 1.0) or 
(M, N 1.Q) 
3 

Dummy Rout i ne5 

( 7 1  unused routines from the 
5 r i g i ~ a i  AS 1317 program) 

lNEST 

CHARET 

Equilibrium Package 

4 . f Q 2  Data 

The data  arc i n  t h e  Form of punched  cards si5 d e s c - r i b e d  i n  ~ P C ~ ~ O R  3.'. 
Any number of cases pay be stacked Cor sequential eX*.eciJtiOn. 

4.2 Machine Set-Up and Run i n f o m a t i o n  

4 . 2 . 1  End of Run 

T k  end oc a r u n  i s  indicated by abspnce of additional i n p u t  data  c a r d s .  

4.2.2 E r r c r  Gtmamerts 

a ,  INPUT E R R O R  IN PS, A S ,  FS OR MS 

tndicates improptar d e f i n i t i o n  of augr%?.cnting Stream (see  T e c t i o n  
3 .  f. .4) 

-II 
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AREA NQT MATCAED I &  50 TRY5 

Indica te . i  fai"t;;e In t h e  '5 tzntrcmic rzicpaasioc b e c ~ r e n  s t a t i c t r  2 
and station X .  Check t h e  input  value P . (See .-:t;an j . ? , ? )  

NEWTON-WAPHSON METHOD F A  ILS . . . 
COULD NOT FIND INlTfAS SUHF . , . 
F O R C E 1  REDUCED SUM TO PCT . . 

e 
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Main Lagic 

Initialization 

Subrout i ne EQU I t  

Exi t expans ion 

Subroclt  i ne CERPP4 



4 
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(+----- 

Yes 

BOEING AIRPLANE COMPANY 
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. 





. 





5 02 Segmentation 

4 . 2 . 1  Main Program 

The main program reads the input,  calculates the secondary stream pro- 
pert ies,  i t e r a t e s  to calculate properties after m i x i r g  t he  p r i m a r y  and 
secondary s t r e a m ,  i te ra tes  (whenever necessary) to calculate exit 
properties and prints the output .  

5.2.2 Tubprograms 

a. 

b.  

C .  

d .  

e .  

f .  

C ERPPk 

This subroutine reads card set No. 1, reads t n e  therw-chenical 
4i;ta tape an:! perfcrms the basis chemical calculations necessary 
for initialization. 

EHESS 

T h i s  subroutine solves equation (9b) by i t e r a t i o r  i f  t h e  secondary 
stream i s  defined in terms of area and mass fIw ra te .  

CHARET 

T h i s  subroutine i s  required since t he  subrout ines in- the EQUiL 
section o f t e n  take the log of zero which, under the FORMON I 3/4 
monitor system, would otherwise cause an e r r o r  e x i t .  The CHARET 
permi ts  the p-ogtam to execute exactky as i t  d i d  unaer  the 
FORMON 1 m n i  t o r .  

!NEST 

T h i s  subroutine reads i q  estimates of the  specie  products of c m -  
bust i o n ,  

DUMMY ROUT I NE 5 

These 2 1  subroutines a r e  p a r t  of tne  original prograw f r m  w h i c h  
t h e  present e q u i l i b r i ~ m  package was taken. These r o u t i n e s  a r e  
not needed and should never be called. at would r g q u i r e  ~ X ~ ~ I X ~ Q P  

Iogic revision i n  about 30 sJDrourines to r e m v e  t h e i r  pa!l s t a t " -  
rnents; therefore dumy soutines have been substitutec?. 

5.2.3 FAP Routines 



5.3 

5.4 

5.5 

Storage Requirements 

The c ~ r e  .mp on paae 2 1  g i v e s  t h e  $ i r e  and loai focatinn of each r - o u l ; n e .  

Deck laentification 

Tht! s e q m n c e  numbers of t h e  S O U T L ~ ’  and  binsry deck< o f  t h e  main program 
and each subrout ine a r e  can ta ined  i n  Append;% A .  

Program L i s t  i ngs 

Program iistings f o r  a i i  r o u t I r i e >  w r i t t e t  exp-essly for : h i s  p r ~ j e ~ t  are  
contained i n  Appendix 8. The rema in inq  subroutines a r e  unchanged f r o m  
t hc CERP- I V  program (AS- I3  17) . 
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6 .Q APPEND I C E S  

Appendix A Deck ldentificart on 

Appendix B Program tisrlngr 

Appendix C lnput  Data  Forms 

-- -- ----I A -_--I-- ___ -̂-̂ I__-- I. - 
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A P P E N O l X  A 

Oeck ldentificaaion 
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I 
I 

I 

I 1 

Name Syanbo 1 i c 5 i nary 

Main 196 l A00 1- 196 iA768 k96 1 NQQ 1- 196 1N 165 

CERPP4 1961500l-1~61!3185 196 i N20 1- I96 1 N2 t 8 

EMESS L0 196!620i-l961B233 I96 1 N 30 1 - 196 1 N3 1 I 

EMESS HI 196 i 630 1- 1 % 18333 196 IN40 1 - 1% 'i * 1 t 

DUMMY ROUT I NES 19616501- 196LB690 1961N501-1961N559 

- 

(08)  W I N C H  50 i-5 i0 

(09)  W I N E Q  5 11-520 
c "p f -530 (28) GMPA I-" a 



NBfW 

EQU I L 

C IQSOL 

DATAC 

DATAH 

DATAS 

CtATAQV 

DATADF 

ENTHA 

ENTRO 
TEST 

IN I T  I A  

PART 1 

PART2 

SYHTRY 

SUWNP 

QCOL 
DCOL 
ROW2 

HS 2 

M T R  t X 

- 
- 10 

- 1  1 

- 12 

-13  - I4 

- 15 
-, 16 

-17 
-18 
-19 
-20 
-2 1 

-22 

- 2 3  
-24 

-25 
-26 
-27 
-29 
-30 

Symbolic 

13 17A982-8Q95 
8096-6 208 

6209-6257 

8258-8307 
0308-8356 
9357-5k12 
84 1 3 -BS 24 
85 25-9574 
85 75-8633 
8634-8 74 1 

8742-8810 
B81 i-BgOl 
8902 -89% 

8 9 9 5  -C 066 

~ 0 6 7 - c  130 

C 13 I - C  196 

C 1 9 7 4 2 6 7  

~2.68-c 305 
C50Q-C581 
c 582-c685 

0 i nary 

HAT 1 -32 C686-C7 19 

' DELTA -33 C 720-C 765 
DELTA1 -34 C 766-C785 
FORCE -36 0078-0 197 

FCRCEl -37 D 198-0328  

DPALL 4 3  D 756-0 79 1 

TRHAT -44 Nor. Avai  Iable 

"IALLX -45 0792-D805 
TRSINX -48 og19-EO 19 

TRBINX -50 €098-€ 152 

WRLBG -53  E ?  76- E 288 

F I R S T  -55 E 289- € 3 6 4  
BgTYLS -56 E365 -E499 

ESTEEM -57  E505-E576 
MSERCH -58 E5 77- E 6 4  1 

- -. 
dJa 42$8 2000 REV. L64 
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Name 

B I HARY 

SEARC I 

F i i L i N  

EoAHEX 

LXCHAR 

READ IN 
NESET 

S ETdPT 

F 0RM 

FBRH 1 

OENSTY 

VAP%R 

S ET SWT 

E4F PRT 

SETSWS 

L lSTSP 

SAVES 

RESET 

- 
-60 
-6 1 

-62 

-63 
-66 

-6 7 
-68 
-69 
-7 1 

-72  

- 74 
- 75 
-80 

-8 1 

-85 
-8 7 
-90 

-92 

Symbol i c Binary 
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Program Listings 
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CERPP4 

ESS (Subson I ef 

ERESS (Superson! c )  

1 NEST 

1 CWARET 

DUMNY ROUT lNES 
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i CARDS COLUMN 
" , -  FORTRAN . 

08 
SUBROUTINE MAXNCH 
D I M E N S I O N  DUW123f54521, DUM345122621 
COMMON DUM1239 PI, DUW3459 T 
W R I T E  O U T P U T  TAPE 6 9  I +  P I ,  T 

R E T U R N  
END 

* CARDS COLUMN 
* FORTRAN 
C 09 

1 FORMATl lH1,2QX,24HERROR E N T R Y  T O  f 8 )  P F 1 4 6 5 t 5 X 9 4 H T  E 1 4 r 5 )  

SURROUTI'NE MAlNEB 
D I M E N S I O N  DUMlZ3(5452), OUM345 iZ .282)  
COMMON DUM123, P I t  DUM345r T 
W R I T E  OUTPUT T A P E  69 1, PI, T 

RETURN 
END 

* CARDS COLUMN 
8 FORTRAN 
C 28  

1 F O R W A ' t l l H l , Z O X , 2 4 H € R R Q R  ENTRY TO ( 9 )  P E € 1 4 r 5 + 5 X + 4 H T  0 E l 4 r 5 )  

SUElROUfINE GAMMA 
DIMENSfQM QUM123(5452), DUM34512282) 
COM#M DUM1239 P I ,  QUM345t T 
WRITE OUTPUT TAPE 69 1 9  P I ,  T 

RETURN 
. END * CARDS COLUMN 

if  FORTRAN 
C 35  

1 F O R M A T f l H l r 2 O X + 2 4 H E R R O R  ENTRY TO ( 2 5 )  P -= E14rStTX,4HT F 1 4 c 5 1  

SUBffOUTf#E DESIGN 
DIMENSION DUM123 t!!i452) + DUM345(2282)  
COMMON DUM1239 P I ,  DUYl34'5t T 
W R I T E  OUTPUT TAPE 6 ,  1 9  P I +  T 

R E T U R N  
€ N O  

.II. CARDS COLUMN 
* FORTRAN 
C 30  

1 FORMAT(rW1,20X,24HERROR E N T R Y  TO ( 3 5 )  E) f E 1 4 r 5 ~ 5 X 9 4 M T  E14.5) 

SUHRQUTINE NOZZLE 
B I M E N S ' f O &  DUM12315452)9  DUM345(22821 
COMMON DUM1239 P I ,  DUP3459 T 
W R I T E  OUTPUT TAPE 6 ,  1, PI, T 

RETURN 
END 

L FORMATflHlr20X124HERRfKC FNTRY TO ( 3 8 1  P = F14,595X,tHT 2 E14.51 

FA-*  (1 1 .I 
9 r U K l  f T T "  

Ji. CARDS CQLLJYN 
C 39 

SUHROUf I N €  CSTAR 
DIMENSION ~ u ~ i m ~ r 4 5 7 ) ~  o u w 3 4 5 ( 2 2 a 2 )  



* 
* 
C 

* 
* 
C 

% * 
I“ 

* 
* 
C 

* 
* 
C 

.* 
9 

C 

% 

-B 

c 

E M 0  

CONNBFO TJUE4123, PI, DUM3459 7 
WRITE OUTPUT TAPE 6 9  I 9  P I *  T 
FORMAf(fHl,2OXt24HERROW ENTRY T O  ( 3 9 )  P € 1 4 * 5 t 5 X , 4 H T  E E14 .5 )  
RETURN 
END 
CARDS COCUFlW 
FORTRAN 
40 
SUBROUTINE M A I N F R  
DIMENSION DUM123 f 5452 I t  DUM345(2282  1 
COMMON DUM1239 PI, DUM345p T 
W R I T E  OUTPUT TAPE 6 *  1, P I ,  ? 
F O ~ A T t l H l r 2 0 X . 2 4 H E R R ~ ~  E N T R Y  TO (40) P = F14.5,5X,4Hi = €14.5) 
RETURN 
END 
CARDS COLUMN 
FORTRAN 
4 1  
SURROUTINE ZENTRO 
DIMENSfON D U M 1 2 3 ( 5 4 5 2 t t  DUM345122821 
CO.WON DUM1239 P I t  OUM349,  7 
W R I T E  OUTPUT T A P E  69 1, P I ,  T 
F O R M A T ( l H I r 2 0 X , 2 4 H E R R Q R  ENTRY TO 1 4 1 )  P t 1 4 r 5 , 5 X , 4 H T  € 1 4 * 5 )  
RETURN 
E N 5  
CARDS COLUMN 
F O R T R A N  
46 
SURROUTIME TRWATX 
RETURN 

END . 
CARDS COLUMN 
FORTRAN 
67 
SUBROUT f NE TRPRSX 
RETURN 

END 
CARDS COLUMN 
FORTRAN 
49 
SURRBVTINE TRVARX 
RETURN 

END 
CARDS COLUMN 
FORTRAN 
5 1  
SUBROUTINE TRLOGX 
RETURN 

EMD 
CARDS CQLtJMN 
FORTRAN 
5 2  
SUBPOUT I NE TR I NPX 
RETURN 



CARDS C O ~ U M N  
FORTRAN 
59 
SUBROUTINE SHAPE 
DIMENSION DUM123(5452)* DUN345(2282)  
COMMOf4 DUM123* P I r .  DUW3459 T 
WRITE OWTPUT TAPE 6 ,  1, PI, T 
FORMAT(LW1,20X$24HERROR ENTRY YO 1 5 9 1  P E14r5t5X,4H,T * E 1 4 4 5 1  
RETURFI 
END 
CARDS COLUMN 
FORTRAN ' 

598 
SUBROUT IRE J C H f C K  
DIMENSfW4 D U M 1 2 3 ( 5 4 5 2 )  9 DUM345(22%2)  
COMMOR OUM123r PI, DlJf43459 T 
WRITE OUTPUT TAPE 6 ,  l r  PI, T 
F O R M A T ( f f f 1 , 2 0 X , Z ~ H E R R O R  ENTRY TO 1 5 9 A ) P  * E 1 4 0 5 9 5 X r 4 H T  = E 1 4 . 5 )  
RETURN 

END 
CAROS COttlMN 
FORTRAN 
73 
FUNCTXOIU SHXFCPIT) 
DIMEMSIW DUM223154521r  DUM345122821 
COMMON OUM123, P f ,  BUM345, T 
WRITE OUTPUT TAPE 6 ,  1, P I r  T 
F O R M A T I l H l , 2 Q X ~ 2 4 H E R R O R  ENTRY TO ( 7 3 1  F = E 1 4 * 5 , 5 X , 4 H T  3 E l i t e 5 1  
RETURN 
EHO 
CARDS COLUHPL 
FORTRAR 
83  
SUBROUTINE E X T R A 1  
DIMENSION D U M X 2 3 ( 5 6 5 2 ) +  QUM34512282) 
COMMON OUM123r Pi, DUM345, T 
WRITE OUTPUT TAPE 6, 1, P I ,  T 

RETURN 
END 
CARDS COLUMN 
FORTRAN 
89 

DIMENSION D U M 1 2 3 ( 5 4 5 2 ) r  D U M 3 4 5 ( 2 2 8 2 )  
COMMON OCEMt23r P I ,  DUM345, T 
WRITE OUTPUT TAPE 6 9  1, P I ,  T 
F Q R M A T ~ I H ~ ~ ~ O X I ~ ~ H E R R D R  E N T R Y  TO 1 8 9 )  F = E 1 4 r 5 , 5 X p 4 H T  = E14.5)  
R E T U R R  
END 
CARLiS COiuMi.i 
F O R T R A M  
95 
SUBROUTINE SUMARY 
DIMENSION D U Y 1 2 3 ( 5 4 5 2 1 ,  CUM345(2282) 

FORMAT( lH1 ,20X124HERRQR ENTRY TO ( 8 8 )  P = E 1 4 r 5 t 5 X 9 4 H T  = E14.5) 

SUBROUT rw E X T R A Z  

A 5 



COMMON DUM123,  PI, DCiFl345r T 
W R I T E  OUTPUT TAPE 6, 2 ,  PI, T 

RETURN 
EM90 * CARDS COLUMN 

* FORTRAP( 
c 96 

1 F O R M A T ( ~ H ~ , ~ ~ X J ~ ~ H E R R O R  ENTRY TO ( 9 5 )  P = E 1 4 r 5 9 5 X r 4 H T  € 1 4 . 5 )  

SUBROUT I NE AREA 
DIMENSION D U M 1 2 3 ( 5 4 5 2 ) ,  D U M 3 4 5 ( 2 2 8 2 )  
COMMON DUM1239 PI, D U M 3 4 5 9  T 
WRITE OUTPUT TAPE 49 1, P I S  T 

1 F O R ~ A T ~ ~ H ~ J ~ O X , Z ~ H E R R O R  FNTRY T O  [ ? 6 )  P = E 1 4 0 5 j 5 X 1 4 H T  = E 1 4 r 5 )  -". 

E N D  
* CARDS COLUMN 
* FORTRAN 
C 97 

SUBROUTINE SPEED 
D I M E N S I O N  D U M 1 2 3 ( 5 4 5 2 ) ,  OUN345(2282) 
COMMON DUM1239 PI, W M 3 4 5 ,  T 
W R I T E  OUTPUT TAPE 6 e  1, P l r  T 

RETURN 
1 FORMATtlH1,20X*24HERROR E N T R Y  T O  ( 9 7 1  P = Fl4.5,5X,4tiT * F l 4 r S )  

END 

1. Y O  
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